Outgassing and Absorption Rates of Oil/Refrigerant Mixtures by Drost, R. T.
Purdue University
Purdue e-Pubs
International Compressor Engineering Conference School of Mechanical Engineering
1994
Outgassing and Absorption Rates of Oil/
Refrigerant Mixtures
R. T. Drost
United Technologies Research Center
Follow this and additional works at: https://docs.lib.purdue.edu/icec
This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for
additional information.
Complete proceedings may be acquired in print and on CD-ROM directly from the Ray W. Herrick Laboratories at https://engineering.purdue.edu/
Herrick/Events/orderlit.html
Drost, R. T., "Outgassing and Absorption Rates of Oil/Refrigerant Mixtures" (1994). International Compressor Engineering Conference.
Paper 1006.
https://docs.lib.purdue.edu/icec/1006
OUTGASSING AND ABSORPTION RATES OF OIL/REFRIGERANT MIXTURES 
Ronald T. Drost 
Associate Research Engineer 
United Technologies Research Center 




Knowledge of the solubility characteristics of an oiVrefrigerant mixture is important when analyzing the lubrication sys-
tem behavior in refrigerant compressors since the solubility significantly affects the viscosity of the mixture. For an operating 
compressor, the lubricant is a mixture of oil and refrigerant and the viscosity of the mixture is a strong function of the refriger-
ant concentration and of the mixture temperature. Solubility information is available for various oiVrefrigerant mixtures that 
gives mixture viscosity as a function of temperature and pressure and can be used adequately under steady-state operating 
conditions. Accuracy is compromised if this information is used to analyze transient events associated with sudden changes 
in temperature or pressure such as may occur throughout the lubrication system. For this reason, an analytical model was devel-
oped to predict the transient outgassing/absorption rates of an oil/refrigerant mixture experiencing a sudden change in tempera-
ture or pressure. The solution method was to develop an oil/refrigerant mixture correlation by employing the conservation 
laws of mass and energy in a transient system. 
A test rig was built to accurately measure the characteristics of an oiVrefrigerant mixture experiencing a change in system 
temperature or pressure so that a comparison could be made between predicted and experimental results. Fast response ther-
mocouples and pressure transducers were used to capture the system behavior during ooth outgassing and absorption events. 
A summary of the analytical model and experimental verification activities is presented. 
NOMENCLATURE 
a,b constants in expression for specific A area subscripts: 
heat of oil Cp specific heat CV control volume 
h specific enthalpy or heat transfer H enthalpy e exit 
coefficient M mass f final 
rit mass flow p pressure inlet or initial 
time Q heat flow L liquid refrig. 
u specific internal energy T temperature 0 oil 
v velocity u internal energy v vapor 
.z height v volume 
'V' specific volume Greek: 
w work ~ time constant 
INTRODUCTION 
The lubricant viscosity is a strong factor in the performance of the various lubrication system elements in refrigerant com-
pressors. For an operating compressor. the lubricant is a mixture of oil and dissolved refrigerant that changes composition 
due to variations in operating pressure and temperature that occur inside the compressor and within the lubrication system 
elements themselves. Since these outgassing and absorption events can dramatically change the lubricant viscosity. accurate 
predictions of the instantaneous mixture composition are essential for efficient and reliable operation of the lubrication system 
elements. 
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At equilibrium conditions, the refrigerant concentration will depend on the local temperature
 and pressure. In general. 
the concentration increases with higher pressure and lower temperature. For a compressor o
perating at steady-state condi-
tions, the mixture concentration approaches a constant value over time. This saturation concen
tration can accurately be deter-
mined using solubility information available for most oil/refrigerant mixtures. When the ope
rating conditions are changed, 
however, outgassing or absorption of refrigerant will take place as the mixture tends towards th
e new saturation concentration. 
If the system pressure is increased, more refrigerant will become dissolved in the mixture; if
 pressure is decreased, the new 
saturation concentration is lower and the mixture becomes supersaturated until the excess re
frigerant is outgassed from the 
solution. This outgassing process manifests itself in intense bubbling and foaming which resul
ts in a lubricant mixture of two 
Newtonian fluids that does not exhibit Newtonian behavior. This bubbly mixture can result in p
otentially dangerous operating 
conditions for the lubrication system elements. Outgassing does not readily occur until nucl
eation takes place. Nucleation 
is provided by agitation of the lubricant mixrure which may be triggered by sharp comers, fluid 
friction, or within the oil pump. 
Once initiated, the outgassing process can last for several minutes or even hours and cannot 
be analyzed using steady-state 
solubility information. 
An analytical model was developed to accurately predict the transient outgassing and absorptio
n rates of an oil/refrigerant 
mixture experiencing a sudden change in temperature or pressure. A test rig was also built to mo
nitor these processes and verify 
the predicted results. This paper summarizes the development of the analytical model and exp
erimental test rig and compares 
predicted and measured test results. 
ANALYTICAL MODEL 
An analytical model employing the conservation laws of mass and energy in a transient system 
was developed to accurate-
ly predict the outgassing and absorption rates of an oil/refrigerant mixture experiencing a sudde
n change in pressure or temper-
ature. The lubricant was assumed to be a single phase (fully-miscible liquid) oil/refrigerant m
ixture at uniform pressure (no 
stratification effects) and a uniform state, uniform flow process was assumed for the transient ev
ents. The system was modeled 
as two arbitrarily deformable control volumes, one each for the vapor and liquid volumes as sho
wn in Fig. 1. Mass is allowed 
to enter and exit the vapor control volume while heat transfer can occur across both control 
volumes. Both mass and heat 
transfer can occur across the vapor/liquid interface. For an imposed change in vapor pressure, t
he solution of the system equa-
tions yields the rate of mass transfer at the interface along with vapor and liquid temperatures s
o that an instantaneous mixture 
viscosity can be obtained. The system is initially assumed to be at steady-state. 
System Equations 
The general form of the continuity equation for a control volume can be expressed as 
For the vapor and liquid (oil+ liquid refrigerant) control volwnes (CVV and CVL respectively
), the equation becomes 
M v = M ,r, . + (m. - me) reJrtg t 
Conservation of mass for the entire system takes the form 
M = Mv + ML + Mo 
M- -M 
L - refrig 
M _ (V- Mo'f'o- M'f'v + M 0 'f'v) 
L- WL- 'f'v) 





The following assumptions are made to. simplify the solution 
1. Vi= Ve = 0 - no flow losses across CV's 
2. Zi=z,.=O - no gravitational effect 
3. (dW/dtJcv = 0 - no work at system boundary 
4. dUcv = d(H-PVJcv - internal energy relation 
5. (dV/dtJcvv =- (dVIdtbL -deformable CV's 
6. He=Hv - enthalpy of exit flow 
7. HcvL =Ho +HL +H& -liquid mixture enthalpy 
The excess heat of mixing (HEx) in the liquid mixture enthalpy equation is assumed to be zero since contributions of less than 
2% were estimated from this term for the expected temperature range. Chemically, this corresponds to near-ideal solution 
behavior. 
The time derivative of internal energy for a control volume is given as 
d(H- PV)cv = dH _ d(PV) = d(Mh) _ pdV _ vdP 




hL = hL(TL) => h = dhLtfTL = dht.t 
L tfTL dt tfTL L 
(7) 
(8) 
The partial derivatives in eqn. (6) are derived from the enthalpy of vapor equation for the particular refrigerant being used. 
The expression for the rate of change of vapor specific volume is found as follows 
p = P(T V• 'I( v) => p = dP = (!p ) tv + (aaP ) cfr v 




The partial derivatives in eqn. (10) are derived from the refrigerant vapor equation of state. Heat transfer terms are given by 
Qcv = M(T- Too) (11) 
The simplified energy equation for the vapor control volume is then given by 
(12) 
and for the liquid control volume 
(13) 
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Substituting for the various relations the vapor control vo
lume energy equation takes the final fonn 
(14) 
and the liquid control volume energy equation becomes 
(15) 
The solution can be pressure or temperature driven by usi
ng one of the following equations to describe ~he event 
P = P(t) = P1 + (P; - P1)e-f3
1 (16) 
(T - r.) 
T = T(t) = I I t + T. t, I 
(17) 
Solution Scheme 
The initial state of the mixture is assumed to be at steady
-state so that the mixture solubility can be estimated from
 pub-
lished infonnation. A solubility subroutine was written th
at uses a cubic spline interpolation technique to extract th
e steady-
state concentration data while the vapor and liquid refriger
ant states are found using refrigerant property subroutines.
 The ener-
gy and continuity equations are solved using a Newton
-Raphson-Secant iteration method to yield the system 
transient 
characteristics and rate of mass transfer at the vapor/liquid
 interface. 
EXPERIMENTAL APPARATUS 
A laboratory test rig was built to verify the predicted resu
lts. A schematic diagram of the outgassing/absorption ex
per-
imental test apparatus is shown in Fig. 2. The rig was de
signed for precise real-time measurements of the system
 pressure, 
vapor and liquid temperatures, mass flow out of the vessel
, and liquid oil level. The tests vessel consists of a cylindr
ical center 
shell set between a flanged lower sump and a containmen
t plate on the top of the rig. A sight glass was located on 
the vessel 
to allow visual access of the vapor/liquid interface during 
the test. Fast-response. mini-hypodermic thermocouples
 were used 
to monitor the system temperatures and a high-speed mi
niature pressure transducer was used to record the system
 pressure 
characteristics. A Corio lis digital mass flow meter monitor
ed the instantaneous mass flow into and out of the vessel. T
he liquid 
level history was recorded using,an ultra-low range differ
ential pressure transducer. The full scale transducer range
 of 0.2psi. 
allowed for accurate measurement of the fluid hydrostatic 
pressure and ultimately the fluid level. The initial state of the system 
was varied by changing the amount of oil and refrigeran
t in the system and also by changing the system tempera
ture using 
a resistance heater located below the test rig. Once the sys
tem reached equilibrium, the test was initiated by opening
 the valve 
downstream of the digital mass flow meter. The secondary
 vessel was either pressurized or evacuated depending on t
he partic-
ular event being studied; in either case, the pressure in th
e main vessel was changed to initiate the outgassing or a
bsorption 
event. The system pressure history was changed by varyi
ng the speed at which the valve was opened. High-speed
 data was 
simultaneously recorded using a multi-channel data acqu
isition system. Accompanying software was written to 
condition 
and plot the data. 
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RESULTS/CONCLUSIONS 
Analytical and experimental results were obtained for a variety of outgassing and absorption events
 using HFC-134a and 
a compatible polyolester lubricant as the working fluids. Fig. 3 shows the predicted system charac
teristics for one test case; 
the corresponding experimental outgassing results are shown in Fig. 4. The measured system pressure was
 matched using eqn. 
(16) and used to drive the analytical solution. The analytical and experimental trends are in close a
greement; however, a no-
ticeable delay in the thennal response of the system can be seen. The analytical model assumes t
he behavior of the system 
is the same at every location in the system (no stratification effects) and does not account for the pr
esence of the vessel walls. 
These effects are believed to significantly affect the behavior of the system. To investigate this, add
itional outgassing/absorp-
tion tests are planned during which the oil will be agitated in an attempt to match more closely the conditions 
that govern the 
analytical model. Figs. 5 and 6 compare the predicted and measured change in liquid level. Close agreem
ent between these 
curves would ensure accurate predictions in the mixture composition since the liquid level history
 is directly related to the 
amount of refrigerant entrained in the oil. The effect of the continuum assumption is again seen 
in that the model predicts 
a faster outgassing rate than what was measured during the first few seconds of the event. The initial 
rise in the measured liquid 
level is believed to be caused by the intense bubbli:ng at the liquid/vapor interface when the system
 pressure was rapidly de-
creasing. Fig. 7 compares predicted liquid mixture compositions from both steady-state and transient analyse
s for the same 
outgassing event. The steady-state data were generated from tabulated solubility data using the m
easured system pressure 
and liquid temperature. As can be seen, conservative steady-state predictions of quasi-static soluti
on behavior at every point 
in time do not reflect the actual behavior of the system. If fact, a steady-state analysis of the even
t would predict that the 
refrigerant is completely outgassed after approximately five seconds; in reality, the system equilibri
um occurs several minutes 
after the initial event when the transient model converges to the steady-state solution. The predic
ted mixture viscosities for 
both analyses are plotted in Fig. 8 along with the viscosity results if the mixture was assumed to be pure oil.
 These results 
clearly illustrate the importance of this investigation since accurate predictions of the lubricant visc
osity is critical to the effi-
cient and reliable operation of the lubrication system of refrigerant compressors. Steady-state solub
ility predictions are shown 
to be inadequate for analyzing most of the transient events that occur within the compressor and lubrication sy
stem elements. 
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Fig. 3 Predicted system characteristics. 
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Fig. 7 Predicted mixture concentration. Fig. 8 Predicted mixture kinematic viscosity. 
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